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FIGURE 2-7 - PANEL B
D I S T R I B U T I O N O F P R O P E R T Y M E A N L E A D

C O N C E N T R A T I O N S I N B U L K S O I L S
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R I S K S FROM EXPOSURE T O
A R S E N I C

• Cancer and Non-Cancer Risk f r omChronic Exposure
1. Soil p l u s Dust
2. Garden vegetable s
3. T o t a l Risk

• Non-cancer Risk f r om Short-term
Exposure to Soil
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C A N C E R R I S K S FROM
S O I L E V G E S T I O N

For chronic exposure, EPA assumes that a resident
is exposed to the average concentration of arsenic
over the entire yard.

EPA recommends the use of the 95% u p p e r
c o n f i d e n c e l imi t of the arithmetic mean
concentration over the yard as the exposure point
concentration or EPC.
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Based on the Phase III inves t igation,
the typica l ratio of the EPC to the
yard average is 1.4

D I S T R I B U T I O N O F P R O P E R T Y A R S E N I C
E X P O S U R E P O I N T C O N C E N T R A T I O N S ( E P C s )
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FIGURE 2-7 - PANEL A
D I S T R I B U T I O N O F P R O P E R T Y M E A N A R S E N I C

C O N C E N T R A T I O N S I N B U L K S O I L S
2500 .

2000 -

Mean Concentra t i on o f Arsenic I n Bulk S o i l ( p p m )

R e l a t i o n s h i p between arsenic in the
bulk f r a c t i o n and f i n e f r a c t i o n

Results from the Phase III investigation were
combined with those f rom the Physical-Chemical
Characterization study

Arsenic concentration in the f in e f ra c t i on is about
21% higher than in the bulk f ra c t i on

Presentat ion 8-29-0 l . p p t



I d l l S I

S o i l ingestion
Body weight
Exposure
frequency
Exposure
duration

C h i l d
200 m g / d a y
1 5 k g
350 days/year
6 years

Averaging time:
70 years (cancer) 30 years (non-

cancer)

A d u l t
100 m g / d a y
70kg
350 days/year
24 years
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S i t e S p e c i f i c Relat ionship
Between Outdoor S o i l

and Indoor Dust

Arsenic: Dust = 0.06 S o i l + 11

FIGURE 2-9 - PANEL A
R E L A T I O N B E T W E E N A R S E N I C C O N C E N T R A T I O N S I N
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S O I L - 1 P A G E 31
D U S T R E L A T I O N S H I P S A T O T H E R U S E P A R E G I O N V I I I S I T E S

S i t e
A n a c o n d a
Bingham Creek
Butte
Deer L o d g e
East H e l e n a
F l a g s t a f f / D a v e n p o r t
M i d v a l e O U 1
L e a d v i l l e
Murray S m e l t e r
S a n d y C i t y
S h a r o n S t e e l

S l o p e ( p p m I n dust
Arseni c

0.31

0.001

0.03
0.1

0.17

p e r p p m I n yard s o i l )
Lead

0.43
0.24
-0.01
0.88
0.06
0.04
0.33
0.19
0.13
0.76

T o t a l intake of soil is assumed to be
composed of 45% soil and 55% dust.

F. = 0.45

When concentration of a contaminant in dust
is s u b s t a n t i a l l y lower than the concentration in
yard s o i l , the value of F is important.
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T o x i c i t v F a c t o r
Chronic RfD
Oral S l o p e
F a c t o r

Value
0.0003

m g / k g / d a y
-i

Source
IRIS 2000

1 . S C m g / k g / d a y ) - 1 IRIS 2000

RBA can be used to a d j u s t the Reference Dose and
S l o p e F a c t o r :

R f D a d j = R £ D / R B A

S F a d j = S F x R B A

Presentat ion 8-29-01.ppt



R E V I S E D RB A DATA FOR ARSENIC

T M - l
TM-2
TM-3
TM-4
TM-5

0.37
0.43
0.37

0.18

0.35
0.45
0.36

0.18

C A N C E R R I S K FROM
GARDEN V E G E T A B L E S
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P A G E 61
E X P O S U R E P A R A M E T E R S F O R R E S I D E N T I A L I N G E S T I O N O F

G A R D E N V E G E T A B L E S
Parameter CTE RME
EPC ( i n o r g a n i c )
I R ( k g w e t w e i g h t / k g body w t / d a y )
Loss f a c t o r
EF ( d a y s / y r )
ED (year s)
A T (noncancer e f f e c t s ) ( d a y s )
A T (cancer e f f e c t s ) ( d a y s )

0 . 6 * E P C ( t o t a l )
4.92E-04

0.86
350

9
9*365

70*365

0 . 6 * E P C ( t o t a l )
5.04E-03

0.86
350
30

30*365
70*365

Combining Risks from Garden
V e g e t a b l e s and S o i l
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FIGURE 2-11 - PANEL A
R E L A T I O N B E T W E E N A R S E N I C I N G A R D E N S O I L A N D Y A R D S O I L
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F I G U R E 2-10 - P A N E L A
R E L A T I O N B E T W E E N T O T A L A R S E N I C I N G A R D E N
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A P P R O A C H
Perform calculat ions at all 2986 proper t i e s
Use s i t e - s p e c i f i c data (concentration in yard
so i l) to estimate concentrations in garden
soil and in garden vegetable s

RME risks are greater than 1/10,000 at 99
proper t i e s (>0.01% chance of cancer)

RME risks are between 1/100,000 and 1/10,000 at
1954 proper t i e s (< 0.01% chance of cancer)

RME risks are less than or equal to 1/100,000 at
933 propert i e s (< 0.001% chance of cancer)
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For the p e o p l e with average exposures (the
"central tendency" there are no proper t i e s
where risks exceed 1/10,000

Cancer risks
arsenic range from' abo\il;:

person to about 1 E-• * • ' • . . . • • " • . :
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For RME scenario, there are 20 p r o p e r t i e s
where risks are unacceptable.

At all 20 proper t i e s , the RME cancer risk is
also greater than 1/10,000

If cancer risk is addre s s ed , chronic non-
cancer risk wil l also be addres sed

^S.uiiiyal^Ql7\^§^^^|^^B0

For CTE scenario, there is 1 p r o p e r t y
where risks are unacceptable.
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E V A L U A T I O N OF
S H O R T - T E R M

N O N C A N C E R R I S K

FIGURE 4-2
C O E F F I C I E N T O F V A R I A T I O N I N Y A R D S O I L GRAB S A M P L E S

3000

500 1000 1500 2000
Mean Concentra t i on o f Arsenic (ppm)

2500
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During a 1-3 month (summertime) exposure
per iod , a ch i ld might p l a y in a sub-location of
the yard where soil concentrations are higher
than the yard wide average.

The 90th p er c en t i l e concentration is a
conservative estimate of the mean of a sub-
location.
E P C ( s u b c h r o n i c ) = 1.21 x 2.07 x EPC ( b u l k )

P A G E 56
S U B C H R O N I C E X P O S U R E A S S U M P T I O N S

V a r i a b l e
EPC
I n t a k e rate ( m g / d a y )
Body weight (kg)
Exposure F r e q u e n c y (days per month)
A v e r a g i n g T i m e (days)
H I F ( k g / k g - d a y )

C T E
2 .5*EPC(bulk)

200
12.3

15
30

8.1E-06

RME
2.5*EPC(bulk)

400
12.3
25
30

2.7E-05
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T o x i c i t v F a c t o r
Acute RfD
Acute RfD

Value Source
0.015 m g / k g / d a y EPA O S W E R

(2001)
0.005 m g / k g / d a y A T S D R M R L

Subchronic RfD 0.006 m g / k g / d a y EPA Region 8
( 1 9 9 5 )

••e-;: •••- -. • \^:;;;SlMliili i l l l
For RME scenario, there are 53 p r o p e r t i e s
where risks are unacceptable.

At all 53 proper t i e s , the RME cancer risk is
also greater than 1/10,000

If cancer risk is addre s s ed , sub-chronic risk
wil l also be addressed
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P A G E 58
A C U T E P I C A E X P O S U R E A S S U M P T I O N S

V a r i a b l e
EPC
I n t a k e rate ( m g / d a y )

Case 1
Case 2

Body weight (kg)

C T E
2 . 8 1 * E P C ( b u l k )

5000
2000
12.3

RME
2 . 8 1 * E P C ( b u l k )

10000
5000
12.3

Exposure point concentration is the 95 t h percenti le
of the sample s within the yard.

Summary
Risks from
For the RME scenario, there are between
662 and 1841 proper t i e s where risks are
unacc ep tab l e .

For the CTE scenario, there are between
294 and 1511 p roper t i e s where risks are
unaccep tab l e .

Risk estimates are h i g h l y uncertain
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P A G E 85
C A N C E R R I S K E S T I M A T E S F O R 2 0 0 p p m A R S E N I C I N F I N E S O I L

Msthod
F t i r t E s t i r

N t r t e C a(ae eAppe

Stati s t i c
rote RME career risk

9 0 t h p e r o e f t ! e
IQ (a) 99h percenble
n*<D) gghperoenble

99.9th perantile

Soil Alone Vegetables Alone
1.00EO* 7.00E<B

1 E f l 6 t o 4 e C 6 9.00606
2E<Bto6E<B 1.00EXB
5E<Eto1EO4 3.00E<B
1&O4to2E04 8.00B05

Total Rsk
1.00E04

2&O5to5&06
3&05to7E<B
6E<Bto1EO4
1EWto2E04

(a) F ^ B i s b m e d o n t w a l t e n E t K « P C F s f c r s c l k i a k B n a t e ( G e e A p p e n i x [ 9

FIGURE D-2 - PANEL B
C O M P A R I S O N O F P O I N T E S T I M A T E A N D M O N T E CARLO

R M E E S T I M A T E O F T O T A L R I S K A C R O S S A R A N G E O F
A R S E N I C C O N C E N T R A T I O N S I N S O I L

R M E (95 th)
4E-04

3E-04

2E-04.3
i•o£
I 1E"04

OE+00

RME Point Estimate 1
RME Point Est imate 2

RME Point Es t imate 3V ••"
MCA 95th

100 200 300 400 500
Concen tra t i on I n S o i l ( f i n e f r a c t i o n ) ( p p m )

600
Monte Car lo eva lua t i on assumes soil intake is d i s t r i bu t ed l o g n o r m a l l y with a mean of 100m g / d a y and a s tandard d e v i a t i o n of 53 m g / d a y (95m p e r c e n t i l e - 200 m g / d a y )
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F I G U R E D - 1
M O N T E C A R L O R E S U L T S F O R E X P O S R U E T O A R S E N I C I N S O I L / D U S TConcentration in F i n e Frac t i on = 200 ppm

1.0

0.8

0.6

0.4

0.2-

0.0

S o i l Intake
modeled with dataf r om S t a n e k andCalabre s e 2000

S o i l I n t a k e
modeled aslognormal and
parametersmatched to EPAd e f a u l t values

1E-07 1E-06 1E-05
Risk

1E-04 1E-03

At proper t i e s where yard EPCs
are greater than 240 ppm, the
RME cancer risk is predic t ed to
be greater than 1/10,000.
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At proper t i e s where yard EPCs
are greater than 47 p p m , the
RME acute risk to children with
soil pica behavior is predic ted to
be unacceptable.

E X P O S U R E A N D R I S K
FROM LEAD

Presenta t ion 8-29-01.ppt 22



S i t e S p e c i f i c Relat ionship
Between Outdoor S o i l

and Indoor Dust

• Lead: Dust = 0.33 Soil + 150

FIGURE 2-9 - PANEL B
R E L A T I O N B E T W E E N L E A D C O N C E N T R A T I O N S I N I N D O O R
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Main Changes
• S i t e - s p e c i f i c RBA = 0.84

( D e f a u l t = 0.6)

•Data not s u f f i c i e n t to suppor t a s i t e - s p e c i f i c
G S D

FIGURE 2-11 - PANEL B
R E L A T I O N B E T W E E N LEAD I N G A R D E N S O I L A N D Y A R D S O I L

700-

600-
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g S 0
 0

S 300 •c
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F I G U R E 2-10- P A N E L B
R E L A T I O N B E T W E E N LEAD I N G A R D E N V E G E T A B L E S A N D

G A R D E N S O I L
a •

i
> 6 •
I

I 4-.5

I "£
0-c

LEAD

^______ — Outlier

y = -4E-05x+ 0.0697
R2 = 0.0018

\

J^IATJ «Ifc • ^*
100 200 300 400 500 600

Pb Concentration in Bulk G a r d e n Soil (trig/kg)

P A G E 96
U N C E R T A I N T Y A N A L Y S I S R E S U L T S F O R A L T E R N A T I V E I E U B K

M O D E L I N P U T S

M o d e l Run (a)

D e f a u l t (see T a b l e 5-2)
Revised d i e t a r y I n t a k e s (see above)
GSD = 1.5
GSD = 1.4
Revised d i e t a r y intakes (see above) and GSD 1.4
GSD = 1.3
Revised d i e t a r y intakes (see above) and GSD =1.3
G S D = 1 . 2 ( b )
Revised d i e t a r y intakes (see above) and GSD = 1.2 (b)
Soil in tak e based on S t a n e k and Calabrese (2000)

P 10 V a l u e (%)
<6%
1655
1937
2058
2413
2572
2728
2801
2911
2931
2984

6-10%
610
507
450
315
229
134
91
37
30
2

10-20%
518
402
345
171
118
67
59
19
12
0

> 20%
203
140
133
87
67
57
35
19
13
0

T o t a lwithP10>6%
1331
1049
928
573
414
258
185
75
55
0

(a) All runs I n c l u d e s i t e - sp e c i f i c a d j u s t m e n t s tor lead enrichment In the f i n e f rac t ion (1.09), RBA (0.84), and for s o i l -d int re tat ionshl(b) C a l c u l a t i o n s p e r f o r m e d using the DOS version (0.9Bd) of the IEUBK model

Pres en ta t i on 8 - 2 9 - 0 l . p p t 25



(D2Vrfo '3
001
VOo

•b
c

(Ag
r"2a.
O03O3
I
¥o5-S.

Blood Lead Concentrat ion ( u g / d L )— — — — ; — — — — —
*4j>* » **• T j | * f * t „
*"•&****5<L* • . * /

V »T.* •* *** »*4 •** /»r *! »p .T * »•:1
1ii •<

o
*̂ o1 H -j1 o Cfl2 +1 s SS

1)

CO
0 ^§.m
S o —o o0j O C
co m S2. ]> en"~ n ĵ(T > iS g j j j
™" CO ^
ffl ^"2 rnC COa. c5' r"w 5)

COm
Oa.£.

N )(O
o>

o

o

o

0

mc03
0a.

o>OlOl

en
o

Ul
00

tooo>

GO

oa2.7)
3

A
01
»̂

Ol
O
0

o
MO
°
V
10o35

T J
o
Ê"
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1

FIGURE 5-1 - PANEL B
S T A T E BLOOD L E A D A N A L Y S I S R E S U L T SEUBK M o d e l Pred i c t ed Blood Lead vs Observed Blood Lead
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Theore t i ca l ^X y = 0.056x + 4.3983
\ x ' R 2 = 0.0586

» • ,-' under-predkt
f

Measured Blood Lead (ug/dL)

Lead S o i l Leve l s at P10<5%
A l t e r n a t i v e IEUBK Mode l Runs

G S D
d e f a u l t
d e f a u l t
1.4
1.4
1.3
1.2
1.2

Dietary Intake Pb S o i l Level
d e f a u l t 209
revised 246
d e f a u l t 326
revised 362
revised 443
d e f a u l t 542
revised 581
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In the F e a s i b i l i t y S t u d y , alternatives
for managing the unacceptable risks
are evaluated.

T A B L E 5-1
S U M M A R Y O F R E M E D I A L A L T E R N A T I V E S

V B / I 7 0 OU1

2. T i f f i n g / T r w d n m U (Lead), Targeted
Removal and Diapoial (Anenic),
Conunonity H e a l t h Program

Removal endo f & d l e disposal Community H e a l t hProgram
T i l l i n g / T r e a t m e n twith Phosphaia Conununily

H e a l t h Program

3. Targeted Removal and Difpo ta l (Leadand Anenic), Community H e a l t h Program Removal ando f f i r i la disposal Commonity Heal thProgram Removal andof f l r i i a diipoial CommunityH e a l t h Program

4. Removal and Diipotal Removal andp f p t j t * d i f p o t a l Removal and offlrite Rnnovaland
of f i r i l c duponl Removal and
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I I P I i l l l l l f H i l l l
Designed to address risks to ch i ldren from
exposure to lead in s o i l s and non-soil
sources

Designed to also addres s risks to chi ldren
f rom potent ial exposure to arsenic
associated with soil p i ca behavior

!̂

Community and Indiv idua l Education and
Outreach program

Biomonitoring Program

Response Program
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; ; • N e t -
Alternat ive 1

Alternative 2

Alternat ive 3

Alternat ive 4

$0

$ 10.4 mil l i on

$ 10.9 mi l l i on

$ 61 mi l l i on
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